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1
ELECTROHYDRAULIC BRAKE SYSTEM
AND METHOD FOR OPERATING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to German Patent Appli-
cation No. 102009005937.7, filed Jan. 23, 2009, and Interna-
tional Patent Application No. PCT/EP2009/067331, filed
Dec. 16, 2009.

TECHNICAL FIELD OF THE INVENTION

The invention relates to an electrohydraulic brake system
for use in vehicles which can be braked by means of generator
operation of an electric drive motor, with an actuation unit
which is controlled by means of a brake pedal and is config-
ured as a combination of a hydraulic brake master cylinder
and a brake booster connected upstream thereof which addi-
tively superimposes a boosting force on an actuating force
induced via the brake pedal; with hydraulic brake lines which
are connected to the actuation unit and to which brakes of the
vehicle are connected; with an electronic control unit whichis
provided for distributing the braking effect between a genera-
tive or recuperation braking component and a friction braking
component, and with a cylinder-piston arrangement, con-
nected to the actuation unit, for taking up a pressure medium
volume corresponding to the generative or recuperation brak-
ing component. In addition, the invention relates to a method
for operating such a brake system.

BACKGROUND OF THE INVENTION

In passenger cars according to the general state of the art,
hydraulic fluid (=pressure medium) is pressurized in the pres-
sure chambers of the brake master cylinder by a brake master
cylinder force as a result of a brake pedal actuation by the
driver, which force is composed, in a ratio of 1 to V-1, from
an actuating force component exerted by the driver and a
boosting force component exerted by the brake booster. In
passenger car brake systems the force boosting factor V is
usually between 3 and 7, in most passenger cars approxi-
mately 4. That is to say that upon actuation of the brake pedal
for activating the friction brakes of an average passenger car,
4/5 of the master cylinder pressure is generated by the brake
booster and only 1/5 by the driver via the brake pedal. This has
the agreeable effect that passenger car brake systems can be
operated with moderate pedal forces.

An electrohydraulic brake system of the type mentioned in
the introduction is described in DE 102006 060434 A1. In the
known brake system it is proposed, in order to simulate in
recuperation braking the brake pedal characteristic known
from normal braking, not to conduct the hydraulic fluid pres-
surized in the brake master cylinder to the wheel brakes but to
take up same in a cylinder-piston arrangement. In this case it
is felt to be disadvantageous that 4/5 (where V=4, otherwise a
proportion V/(1+V)) of the pressure values exerted, and the
associated take-up of pressure medium, are unnecessary. Dur-
ing recuperation braking no brake boosting is required.

SUMMARY OF THE INVENTION

It is therefore the object of the present invention to elimi-
nate the above-mentioned disadvantage of the known brake
system.
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This object is achieved according to the invention in that
the brake booster is configured to be electrically activated by
an electronic control unit.

With regard to the method, the object is achieved in that the
boosting force generated by the brake booster is exerted as a
function of variables relevant to the brake system. The vari-
ables relevant to the brake system are preferably, on the one
hand, the deceleration requests from the driver and automatic
driver assist systems and, on the other, the deceleration poten-
tials of recuperation braking, of an unboosted, of a boosted
and of an electronically controlled actuation of the friction
brakes, and mixed forms thereof. The aforementioned
improvement in operating the brake system according to the
invention can be achieved by these features.

If the sum of the deceleration potentials of recuperation
braking and of unboosted braking are enough to meet the
deceleration request, it is sufficient, in order to establish the
familiar pedal characteristic, that the cylinder-piston arrange-
ment takes up hydraulic fluid at the “unboosted” pressure of
the brake master cylinder resulting only from the actuating
force component. Unnecessary consumption of actuating
energy of the brake booster in order to provide the boost
component is thereby avoided during recuperation braking.

The boosting force is preferably generated by the action of
an electronically controlled pressure made available by a
pressure source.

According to a development of the brake system according
to the invention, the pressure source comprises a hydraulic
high-pressure accumulator chargeable by means of a pump.
The pressure source for making available the electronically
controlled pressure advantageously also includes a pressure
control valve.

The piston of the cylinder-piston arrangement is preferably
in the form of a stepped piston.

According to a preferred embodiment, the larger surface
area of the stepped piston is connected to the pressure source
via an interposed electromagnetically actuated 2/2-way
valve. The electromagnetically actuated 2/2-way valve is
preferably an analog-controllable, normally open (SO) valve.

Itis also preferred that the larger surface area of the stepped
piston is connected to an unpressurized pressure medium
reservoir via an interposed electromagnetically controllable
2/2-way valve. The electromagnetically actuated 2/2-way
valve is especially preferably in the form of an analog-con-
trollable, normally closed (SG) valve.

According to a development of the brake system according
to the invention, sensor means are provided for detecting the
actuating travel of the brake pedal, a variable representing the
boosting force, and the pressure induced in the brake master
cylinder.

According to a development of the method according to the
invention, the boosting force during proportional friction and
recuperation braking is calculated such that it is just sufficient
to bring about the required deceleration of the vehicle.

Itis also preferred that a boosting force is not superimposed
onthe actuating force applied at the brake pedal during purely
recuperation braking.

Advantageously, a braking request is determined from the
brake pedal actuating travel, the brake pedal actuating force
and further driver-dependent and driver-independent vari-
ables.

It is also preferred that a signal for the instantaneously
possible recuperation braking effect is determined from brake
system data such as the admissible output of the electric
motor operating as a generator, the admissible charging
capacity of an electric energy storage device or battery
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present in the vehicle and the current charge state of the
electric energy storage device or accumulator present in the
vehicle.

According to a development of the method according to the
invention, upon the occurrence of a braking request the quan-
tity (magnitude) of this braking request is compared to the
deceleration potentials of the instantaneously possible recu-
peration braking and of an unboosted transmission of the
brake pedal actuating force, and various deceleration-effec-
tive actions are implemented in dependence on this compari-
son.

As deceleration-effective actions, recuperation braking,
the transmission or modulated transmission of the pressure
induced in the brake master cylinder to the wheel brakes, and
the exertion of a boosting force are preferably used.

The deceleration-effective actions are advantageously
coordinated by an electronic control and regulation circuit
and adjusted to one another in such a manner that their totality
yields a vehicle deceleration which occurs in purely friction
braking with the predetermined boosting force.

The present invention is explained in more detail below
with reference to two exemplary embodiments and to the
appended schematic drawings, identical components being
denoted by the same reference symbols.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 shows the structure of a first configuration of the
brake system according to the invention,

FIG. 2 shows the structure of a second configuration of the
brake system according to the invention, and

FIG. 3 shows an essential part of the brake booster used in
the brake system according to FIG. 2 on an enlarged scale.

DETAILED DESCRIPTION OF THE DRAWINGS

The electrohydraulic brake system according to the inven-
tion shown in FIG. 1 consists essentially of an actuation unit
1, a hydraulic pressure source 2, the actuation unit 1 and the
pressure source 2 forming a brake booster, and of a brake
master cylinder or tandem master cylinder 3 effectively con-
nected downstream of the brake force booster, to the pressure
chambers (not shown) to which tandem master cylinder 3 are
connected wheel brakes circuits I, II which supply wheel
brakes of a motor vehicle with hydraulic pressure medium via
an interposed known ABS/ESP hydraulic unit or a control-
lable wheel brake pressure modulation module 4, only one of
which wheel brakes is shown for simplicity, and is denoted by
reference numeral 5. In the example shown, the aforemen-
tioned pressure source 2 is in the form of an electrohydraulic
actuator 11. Connected to one (I) of the wheel brake circuits
and 1, IT is a hydraulic cylinder-piston arrangement 8, which
is also in the form of an electrohydraulic actuator 18 and
which makes possible a lengthening of the brake pedal travel
during recuperation braking. An electric motor 9 serves to
drive the vehicle (not shown), which electric motor 9 can be
operated both in a drive mode and in a recuperation mode in
which a proportion of the kinetic energy which must be dis-
sipated in order to brake the vehicle is absorbed by the electric
motor 9 now working as a generator.

The brake system according to the invention further
includes an electronic brake system control unit 10. In order
to activate the brake actuation unit 1, there is provided a brake
pedal 12 with which is coupled a piston rod 13 which is in
force-transmitting connection, in series with a booster piston
6, to a first piston or primary piston 7 of the brake master
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cylinder 3. The booster piston 6 is guided in an axially dis-
placeable manner in a booster housing 14 in which it delimits
a hydraulic booster chamber which is denoted by reference
numeral 15. Signals of a travel sensor 16 and data containing
information on the state of the electric motor 9 are supplied to
the electronic brake system control unit 10. In this case the
travel sensor 16 serves to detect a driver deceleration request
and senses the actuation travel of the piston rod 13. From the
aforementioned signals and data, activation signals for both
electrohydraulic actuators 11, 18 and for hydraulic pressure
control valves (not shown) contained in the wheel brake pres-
sure modulation module 4 are processed in the electronic
brake system control unit 10. A vehicle wheel which is driven
and can be braked by an electric motor 9 is denoted by
reference numeral 17.

In the configuration shown in FIG. 2, the aforementioned
pressure source 2 is formed by a hydraulic high-pressure
accumulator 20 with a pressure control valve 22 connected
downstream thereof. A motor-pump unit 23 serves to charge
the high-pressure accumulator 20. The outlet of the pressure
control valve 22 is connected, on the one hand, by means of a
hydraulic connection 25 to a pressure medium reservoir 24
and, on the other, via a line 26 adjoining the hydraulic con-
nection 25 to the booster chamber 15, which is connected
upstream of the brake master cylinder 3 and was mentioned
with reference to FIG. 1. Associated with the pressure control
valve 22 is a pilot stage 27, the function of which is explained
in the text which follows. A further line 28 connects the
suction side of the motor-pump unit 23 to the aforementioned
pressure medium reservoir 24. The motor-pump unit 23 is
preferably in the form of an independent assembly and is
equipped with fastenings and hydraulic connections which
insulate structure-borne noise. The hydraulic pressure avail-
able in the high-pressure accumulator 20 is detected by a
pressure sensor denoted by reference numeral 29.

It is further apparent from FIG. 2 that the cylinder-piston
arrangement 8 mentioned in connection with FIG. 1 is formed
by a first hydraulic chamber 50, a second hydraulic chamber
51, a third hydraulic chamber 52 and a stepped piston 53. In
this case the larger surface area of the stepped piston 53
separates the first chamber 50 from the second chamber 51,
while the third chamber 52 is delimited by the smaller surface
area of the stepped piston 53. The distance traveled by the
stepped piston 53 is monitored by a travel sensor which is
denoted by reference numeral 61. The first hydraulic chamber
50 is connected to a valve arrangement 54 which is formed by
two serially-connected, analog-controllable 2/2-way valves
55, 56. The first-mentioned 2/2-way valve 55 is in the form of
a normally open (SO) valve and is preferably connected
between the first chamber 50 and the aforementioned high-
pressure accumulator 20. The second-mentioned 2/2-way
valve 56 is in the form of'a normally closed (SG) valve and is
preferably connected between the first chamber 50 and the
line 28 leading to the pressure medium reservoir 24. The
second hydraulic chamber 51 is connected via a line section
57 to the line 28 and therefore to the pressure medium reser-
voir 24, while the third chamber 52 is connected via an inter-
posed 2/2-way valve 58 to the first brake circuit 1. In the
operating (rest) state illustrated, the 2/2-way valve 58 per-
forms the function of a non-return valve closing towards the
cylinder-piston arrangement 8, whereas in the switched-over
state of the valve 58 the third chamber 52 is connected to the
brake circuit 1. The pressure induced in the first hydraulic
chamber 50 is detected at the central tapping point of the valve
arrangement 54 by means of a pressure sensor which is
denoted by reference numeral 59.
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As is apparent, in particular, from FIG. 3, the pressure
control valve 22 has a two-stage configuration and preferably
comprises, in addition to the aforementioned electrically
actuated pilot stage 27, a valve main stage with double
hydraulic actuation denoted by reference numeral 30, as well
as a hydraulic actuation stage the structure of which will be
explained in the following description.

The pilot stage 27 consists of a serial connection of an
analog-controllable, normally closed (SG) 2/2-way valve 31
and an analog-controllable, normally open (SO) 2/2-way
valve 32, the hydraulic central tapping point 33 between the
two valves 31, 32 supplying one of the actuation pressures for
the valve main stage 30. The hydraulic actuation stage is
formed by a first actuation chamber 34, a first actuation piston
or stepped piston 35, an annular chamber 48 connected to the
pressure medium reservoir 24 and a second actuation cham-
ber 36, which is delimited by the stepped piston 35 and is
connected to the above-mentioned central tapping point 33 of
the pilot stage 27. The second actuation chamber 36 is delim-
ited on the other side by a second actuation piston 37 which,
together with a valve sleeve 38, delimits a reservoir connec-
tion chamber 39 and which, in the configuration shown, is
formed in one piece with a valve body 40. The valve sleeve 38,
together with the valve body 40, forms the aforementioned
main stage 30 of the pressure control valve 22.

It is further apparent from FIG. 3 that the first actuation
chamber 34 is connected via an interposed electromagneti-
cally actuated, normally open (SO) 2/2-way valve 41 to the
second brake circuit II. In its energized switching position,
the 2/2-way valve 41 performs the function of a non-return
valve closing towards the actuation stage, as is indicated by
the corresponding hydraulic symbol denoted by reference
numeral 42. The pressure induced in the second brake circuit
is detected by a pressure sensor 49 (see FIG. 2).

As this takes place the valve body 40 together with the
valve sleeve 38 forms a high-pressure connection chamber 43
which is connected to the high-pressure accumulator 20. The
high-pressure connection chamber 43 is connected, by a dis-
placement of the valve body 40, to a working pressure cham-
ber 44 which forms the outlet of the pressure control valve 22
and which, in the outlet position or rest position of the valve
body 40 shown, is connected by means of pressure medium
passages 45, 46 to the reservoir connection chamber 39. The
boost pressure induced in the working pressure chamber 44 is
detected by a third pressure sensor 47. In this case itis advan-
tageous if the diameter of the valve body 40 guided in the
valve sleeve 38 is larger than the diameter of the smaller step
of the stepped piston 35. It is also apparent from FIG. 3 that
the line 26 leading to the booster chamber 15, and the further
line 25 connected thereto and leading to the pressure medium
reservoir 24, are connected to the working pressure chamber
44 (via the aforementioned connecting line 25). In this case,
a non-return valve 60 closing towards the pressure medium
reservoir 24 is incorporated in the last-mentioned line 25.

The operation of the brake system according to the inven-
tion is explained in more detail in the following text in con-
junction with the drawing.

It should be mentioned first that a driver deceleration wish
or braking request is determined from the brake pedal travel
signal (sensor 16), from the actuating force signal, from fur-
ther driver-dependent signals generated, for example, by
alternative operating elements, and from driver-independent
signals generated, for example, by driver assist systems such
as distance control, collision avoidance, etc. In this case it is
expedient if the signal corresponding to the actuating force is
determined by subtraction of the boosting force generated in
the boost chamber 15, which is determined from the output
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signal of the pressure sensor 47, from the total actuating force
acting on the master cylinder piston 7 (which can determined
from the signal of the pressure sensor 49). An instantaneously
possible recuperation braking effect is determined from other
brake system data such as the admissible output of the electric
motor 9 working as a generator, the admissible charging
capacity of an energy storage device or battery present in the
vehicle, and the current charge state of the battery.

When the above-mentioned braking request is present, its
quantity (magnitude) is compared to the deceleration poten-
tials of the instantaneously possible recuperation braking and
of an unboosted transmission of the brake pedal actuating
force, and various deceleration-effective actions are carried
out in dependence on this comparison. As deceleration-effec-
tive actions, recuperation braking, the transmission or modu-
lated transmission of the pressure induced in the brake master
cylinder 3 to the wheel brakes, and the exertion of a boosting
force are used.

The deceleration-effective actions are coordinated by the
electronic control and regulation circuit 10 and are adjusted to
one another in such a manner that their totality yields a
vehicle deceleration which occurs in purely friction braking
with the predetermined boosting force.

In this case, essentially two different operating modes are
possible:

The first operating mode corresponds to a purely electric,
so-called recuperation operating mode, in which the vehicle
is braked by the effect of the electric motor 9 working as a
generator (FIG. 1). During recuperation braking, no boosting
force component is superimposed on the actuating force com-
ponent exerted on the brake pedal 12. In this case the volume
taken up by the cylinder-piston arrangement 8 is controlled in
such a manner that the brake pedal characteristic which is
produced in purely hydraulic braking, with the boosting force
predetermined by the brake force booster 11, 15 or 20, 22, 15,
can be felt at the brake pedal 12. The volume of pressure
medium displaced from the brake master cylinder 3 during
such braking is taken up by the cylinder-piston arrangement
8, so that the friction brakes are not subjected to hydraulic
pressure.

In a second operating mode, which is characterized by
actuation of the master cylinder both by the actuating force
and by the boosting force superimposed on the actuating
force, braking of the vehicle is carried out with a friction
braking component and with a recuperation braking compo-
nent. The boosting force is preferably calculated in such a
manner that it is just sufficient to achieve the required vehicle
deceleration effect. The pedal characteristic which can be felt
at the brake pedal 12 again corresponds to that mentioned in
connection with the first operating mode. In this case the
recuperation braking component is given highest priority,
while the boosting force is given lowest priority, so that this
boosting force required to achieve the overall braking effect
demanded is kept small.

The foregoing description of various embodiments of the
invention has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise embodiments disclosed. Numerous
modifications or variations are possible in light of the above
teachings. The embodiments discussed were chosen and
described to provide the best illustration of the principles of
the invention and its practical application to thereby enable
one of ordinary skill in the art to utilize the invention in
various embodiments and with various modifications as are
suited to the particular use contemplated. All such modifica-
tions and variations are within the scope of the invention as
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determined by the appended claims when interpreted in
accordance with the breadth to which they are fairly, legally,
and equitably entitled.

The invention claimed is:

1. An electrohydraulic brake system comprising:

an electric motor operating as a generator;

an actuation unit controlled by a brake pedal and config-

ured as a combination of a hydraulic brake master cyl-
inder and a first electrohydraulic actuator having an
electrically actuated piston that linearly translates within
acylinder, the electrohydraulic actuator forming a brake
booster connected upstream of the hydraulic brake mas-
ter cylinder, the brake booster generating a pressure
constituting a boosting force and additively superimpos-
ing the boosting force on an actuating force induced via
the brake pedal;

hydraulic brake lines connecting the actuation unit to fric-

tion brakes of the vehicle, the friction brakes being con-
figured to produce a friction brake component;

an electronic control unit for distributing a braking effect

between a recuperation brake component produced by
the generator and the friction brake component, the elec-
tronic control unit being configured to electrically actu-
ate the brake booster; and

a second electrohydraulic actuator being a linear actuator

in the form of a cylinder-piston arrangement having a
linearly translating piston, connected to the actuation
unit, configured to take up a pressure medium volume
from the hydraulic brake master cylinder, which corre-
sponds to the recuperation brake component for produc-
ing a characteristic brake pedal feel resembling friction
braking with a predetermined boosting force, wherein
the second electrohydraulic actuator provides fluid
uptake from the master cylinder.

2. The electrohydraulic brake system as claimed in claim 1,
wherein the cylinder-piston arrangement is connected to one
of the hydraulic brake lines between the hydraulic brake
master cylinder and the friction brakes.

3. The electrohydraulic brake system as claimed in claim 1,
wherein the first electrohydraulic actuator and the second
electrohydraulic actuator are separate and act independently
from each other based on signals from the electronic control
unit.

4. A method of operating an electrohydraulic brake system
for decelerating a vehicle, the method comprising the steps
of:

producing a brake system comprising:

an electric motor operating as a generator;

an actuation unit controlled by a brake pedal and con-
figured as a combination of a hydraulic brake master
cylinder and a first electrohydraulic actuator having
an electrically actuated piston that linearly translates
within a cylinder, the electrohydraulic actuator form-
ing a brake booster connected upstream of the hydrau-
lic brake master cylinder;

hydraulic brake lines connecting the actuation unit to
friction brakes ofthe vehicle, the friction brakes being
configured to produce a friction brake component;

an electronic control unit for distributing a braking effect
between a recuperation brake component produced
by the generator and the friction brake component, the
electronic control unit being configured to electrically
actuate the brake booster; and
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a second electrohydraulic actuator being a linear actua-
tor in the form of a cylinder-piston arrangement hav-
ing a linearly translating piston, connected to the
actuation unit, configured to take up a pressure
medium volume from the hydraulic brake master cyl-
inder, which corresponds to the recuperation brake
component for producing a characteristic brake pedal
feel resembling friction braking with a predetermined
boosting force, wherein the second electrohydraulic
provides for fluid uptake from the master cylinder;

calculating a boosting force as a function of signals or

parameters related to the brake system;

generating a pressure constituting the boosting force via

the brake booster and additively superimposing the

boosting force on an actuating force induced via the
brake pedal; and

causing the second hydraulic actuator in the form of a

cylinder-piston arrangement having the linearly trans-
lating piston, during recuperation braking and during
proportional friction and recuperation braking, to take
up a pressure medium volume from the hydraulic brake
master cylinder, which corresponds to the recuperation
brake component, controlled to produce a characteristic
brake pedal feel resembling friction braking with a pre-
determined boosting force.

5. The method as claimed in claim 4, wherein the signals or
parameters related to the brake system comprise deceleration
requests from the driver or from automatic driver assist sys-
tems and deceleration potentials of recuperation braking, of
anunboosted, of a boosted and of an electronically controlled
actuation of the friction brakes, and of mixed forms thereof.

6. The method as claimed in claim 4, further comprising the
steps of:

calculating the boosting force to be just sufficient to effect

a required deceleration of the vehicle during propor-

tional friction and recuperation braking;

applying the boosting force.

7.The method as claimed in claim 4, further comprising the
step of:

determining an actuating force exerted on the brake pedal

from a value of a pressure induced in the brake master

cylinder and from a value representing the boosting
force.

8. The method as claimed in claim 4, further comprising the
step of:

determining that a braking request has been made from a

brake pedal actuation travel, a brake pedal actuating

force and further driver-dependent and driver-indepen-
dent signals or parameters.

9. The method as claimed in claim 4, further comprising the
step of:

generating a signal indicating an instantaneously possible

recuperation braking effect based on brake system data
comprising at least one of an admissible output of the
electric motor working as a generator, an admissible
charging capacity of an electric energy storage device or
battery present in the vehicle, and a current charge state
ofthe electric energy storage device or battery present in
the vehicle.

10. The method as claimed in claim 4, wherein the first
electrohydraulic actuator and the second electrohydraulic
actuator are separate and act independently from each other
based on signals from the electronic control unit.
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